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Description

Lymphokines such as interfarons (hereinafter sometimes abbravisted ss IFNs) and Interieuidn-2
{hereinafter sometimes abbrevisted as IL.-2) have been considered to be of clinical value for the trestment
of viral Infections and maiignancies and recent technoiogical advances in ganetic engineering have made It
in principle possible to produce such lymphokines on large scales. However, It s known that the clssrance
of lymphokines sdministersd to the ilving body Is in general very short. In the case of tymphokines derived
from hetsrologous animals, it ls anticipated that antibodies may be produced in some instances snd cause
severe reaction such as anaphylmds. Thersfore, tachnology development is desired which ieade to delayed
s'oerance of ymphokines used as drugs, with chair acivity retained, and ifurther to decresse in their

’ antigenicity. To achieve this object, chemicsl modification of lympholines is & very effective means. Such

5

chemics! moRiication Is sxpecied 15 result In delaywd clearance in the iiving body, decreased antigenicity
and, further, Increased physiological sctivity. From the practicsl viewpoint, the significance of chemicsl
modificstion of lymphokines is thus very greet.

Generaily, in chemically modified physiclogicsily active proteins, s method Is required by which said
proteine can be chemicelly modified while retaining their physiological activity. Polysthylene glycol methyt
other is considered to have no antigenicity and thersfors ls usad In chemical modificstion of proteina. The
introduction of said substance into protsins Is generally performed by way of the intermed!tery of cysnuric
chioride. However, cyanuric chioride is toxic per se and the poss!ble taxicity of its degradation products in
vivo remains open to question. Therefore, cyanuric chloride should be used with caution. Furthermors, the
reection involved requires a pH on the sikaiine side and therefore the sbove-mentioned method of
modification has 8 drawbeck in that it cannot be appiied to protelns ilable to inactivation under alkaline
conditiona.

U.8. Psatent No. 4,002,531 discicees a method of producing moncalkyipotysthylens glycol derivatives
of enzymes. However, the method disclosad thersin, which uses sodium borohydride st pH 8.8, when

. spplled to lymphokines, may poesibly destroy the physiological sctivity of lymphokines and thersfore

cannat serve is an effective method of production. Furthermore, sald pstent specification does not any

suggestion as to the effect of deleying the /n vivo clearance of the enzyme derivatives. Such effect is
therefore unknown. :

There is siso known s method of introducing a low molecular sidehyde such as formaldehyde,

scetaidelyde, benzsidehyde or pyridaxal into physioiogicslly active protsins in the pressnce of &
- boron-containt

ng reducing agent [Methods In Enzymology, 47, 480478 (1977); Japsness Pstent
Unexamined Publication No. 184,59¢/83]. However, spplicstion of said method %0 lymphokines fails to
schieve effective delay In clearsnce. A substantial decrease in antigenicity cannot be expected but rather it
is possible that the low moiecular aldehyds introduced may serve as & hepten to thereby provide sald
lymphoiines with immunogenicity. :
The present inventors studied intensively to overcome the above difficulties and have now completed
the present invention.

This invention provides chemically modtfied lymphokines having polyethyiene glycol of the formuls
- RH-O—CHy—CHey m

wherein R Is a protective group for the terminel oxygen stom and n Is an optional positive Integer, bonded
directly to at lesst one primery amino group of the lympholkine molety snd a method of producing the
same. .

in the pressnt specificstion, the term “lymphokine” Includss soluble factors relessed from
lymphocytes and invoived In celiuiar immunity snd subetances squivatent thersto [n physiological activity.

Thus, the lymphokines maey be genetically engineersd products, products derived from various
snimals Including humans and further include substances similar in structure snd In physiclogiosl activity
to thees.

For instance, there may be mentioned various Interferons {Interferon-a (IFN-a), interferon-§ (IFN-8),
irterferony (IFN-y),], IL-2, mearophage differsntisting factor (MDF), macrophage activating factor (MAF),
tissue pissmninogen activator, and substances similer In structure and in physioclogics! activity to these.

Examples of said substances similas in structure and in physiological uctivity sre substances having
the structure of IFN-y axcept for the lack of 2 to 4 aminoc acids at the N-tarminal thereo! (PCT/IP8400292,
filed June 8, 1984), various IFN-y lacking in the C terminel portion of IFN-y (e.g. 15K species; EPC
Patent Application No. 84 111133.8), substances having the structure of IL-2 except for the lack of the
N-tarminal emino acid thereof (EPC (laid open) 91838) or the lack of 4 amino ecids from the N-terminel
(Jaspaness Patant Applicstion 58-238838, fRed December 13, 1983) and substances having the structure of
IL-2 excapt for the lack of one or more constituent amino acide with or without ane or more substitute
aming scids in plsce of ssid missing ane or ones, for exampie the IL-2 amalog containing serine in lieu of the

126th amino ecld cysteine (EPC (lsid open) 104798},

Preferred smong such lymphokines are IFN-a. IFN-y [conelsting of 148 amino acids (EPC (lald open)
0080876)], tFN-y lacking in two N-terminal amino scide (IFN-y d2), IFN-y lacking In three N<terminal emino
acids (IFN-y d3), snd IL-2.:
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The iymphokines t be used in the practice of the Inventdon prefarably ha {
6,000 to 50,000, more preferably 10,000 to 30,000. ¥ have a molecular weight of

The primary amino group of lymphokines Inciudes the N-tarm -
oroup of the Nyaine recl%u .'p ‘ -tarminal a-amino group and the e-emino

Referring to the group represantad by the above formuls (1), the terminal oxygen-protacting group R la,
for example, an alkyt or alkanoyi group. The alkyl group is prefersbly an aikyt of 1 to 18 carbon atomas, mare
prafersbly a lower (C,_ ) alkyl, such as methyi, sthyi, propyl, i-propyl, butyl, I-butyl, sec-butyl or t-butyl. The
alkanoyl group ls preferably an stkanoyl of 1 to 8 carbon stoms, more preferably a lower (C,-) sikanoyl,
such as formyl, acetyl, propionyl, butyryl, i-butyryl or caproyl. The positive integer n is preferably not more
than 600, more preferably 7 to 120.

The group of formuts (I} preferably has & molecular weight of not mare than 25,000, mare preferably

. 380 to 8,000. From the viewpoints of physiological sctivity retention and clearancs delaying effect, the

b ]

group of formula (I} preferably has s molecutar weight corresponding to 1 to 10%, moare preferably 2 to §%
of the moisculsr weight of the lymphokine to be modified.

The chemicaily modified lymphokines according to the invention have the group of formula (1) directty
bonded to at least one of the primary group of the cormesponding lymghakines.

When the N-terminal a-emino group Is the only primary amino group in the lymphokine to be
modified, the modifted lymphokine has the group of formula (1) directly bonded to ssid amino group. When
the lymphokine to be modified hss one ar more lysine residues In its moleculs, the modified lympholine
has the group of formula {1} directly bonded to some percentage, preferably 15 to 80% (on the everagel, of
said s-emino groupe. In this cass, the N-terminal a-aminc group may hsve or may not have the group of
formuls (1) directy bonded thereto.

The chemicaily modified lymphokines sccording to the invention can be produced, for eampie, by
rescting a lymphakine with the sidehyde of the formula

R=O=—CHyCH ey O—-CH,LHO m
wherein R and n sre ss defined above, in the presence of & reducing agent.

As the boron-contalning reducing sgent to be used s conducting the reaction, there may be.

mentioned sodium borohydride and sodium cyanoborohydride. Among them, more preferred s sodium

cyanoborohydride from the viewpolnt of sslectivity of reaction or possibility of carrying out the resction In -

the neighborhood of neutrsiity.
In cerrying out the reaction, the aldehyde () Is used in an amount of about 1 to 10,000 moles per mole

of the lymphokine, and the boron-containing reducing sgent is used in an smount of about 1 to 100 moles

per mole of the lymphokine. The degree of modificstion can be selected 83 desired by verying the mole

ratio between lymphokine snd sidehyde (M). The scivent to be usad In carrying out the invention may be -

sny solvent which doss nat disturb the reaction and Is, for example, a butfer such as 8 phosphats or borate
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buffer. An organic solvent which does not Inactivate lymphokines or disturb the reaction, such es & lower .

slkanol {s.g. methanol, ethanol, --propancl) or ecetonitrile, may be added. The reaction may be conducted
within a broed pH renge of 3 to 14 but Is prefersbly performed in the vielnity of neutrsilty (pH 8.6—7.8). The
reaction temperature may be selected within s broad range of 0° to 80°C, preferably 0° 1o 80°C, 80 &s not to
cause denaturstion of lymphokines. A period of 0.5 to 100 hours, generaily 10 to 80 hours, will be sufficlent
for the reaction. The desired, chemically modifiad lymphokines can be obtained by purifying the resction
mbxture by dislysis, saiting owt, lon exchenge chromstogrephy, get fiitrstion, high performance liquid
mmmm,momumunomm«wmmmmmmof
mod!ﬂadonoﬂhoomlmgmporgmp.anbommdbyaddWonfdbw.dbvlmlmwd
anelysls, for instance.

The sbove-maentioned sldehyde (I1) can be produced from an sthylens glycol derivative of the formuls

R--O~CH,CHeWOH (i

whersin R and n are as defined sbavs, for instance. The foliawing ls a method of producing the same which
is advantageous In that the production of the corresponding byproduct carboxylic acld is [ttte.

Thus, the compound (1) s oxidized with pyridinium chiorochwomats in & haloaiksne solvent such s
methylene chioride or chicroform. In this csse,.pyridinlum chiorochromats Is usad In sn amount of 110 3
moles per mole of compound (i) and the resction is carried ot st —10° o 50°C, preferably at room
tempersture, for 1 to 30 hours.

- Tregtment of compound (1) (n—1) with potassium butoxide In t-butanol followed by resction with &
bromoacstal end trestment with an acid such ss sn orgenic acid (e.g. trifiuarcacstic acid) or an Inorganic
scid {e.9. hydrochioric or eulfuric scid) can slso give the coireapciding <tdaliyda (I} which is longer in
chdn!mbv—o—cu.cm—d\meommundnm.lnmhmwwaowu.pormoloc(moound
(i, of potassium t-butoxide is sdded to the sbove compound and, sfter dissolution, 3 to 18 moles, per
mdodeompwnd(lﬂ,anhMthMnum‘mmmuuumm.
After trestment of the resction mbaure In the conventions! menner, the product (s dissolved In a diiuts
mm«wmmwwa.mwwnummammnzhwu
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In each case, the reaction mh;tun can be subjected to

z:'mm tuch as extraction, concentrat N, recrysullizaton, rsprecipitat! n, chromatogrephy snd/or
. 'Tho chemically modHied lymphokines according to the invention have useful phﬁlologlcal activities

mtmnm to thoss of the corresponding known, unmodified lymphokines and are ussful as drugs, smong

others. .

The chemically modified lymphokines according to the Invantion exhibit delsy in clesrsncs /n vivo as
compared with the corresponding known, unmodified lymphokines and are low In tondcity and sntigenicity
m'ymd;a%bouadmmmnumpumommdlnmoumommmruln the case of inown
Nrnphokines.

The chemically modified lymphaokines sccording to the Invention can usually be sdministersd to
mITTeLs (MGnKeY, 90, pig, rebbIt, mouss, human) either orally or parentersily In the form of appropriste
pharmecsutical compositions prepared by using carriers, diluents, etc., which srs known In themseives,

MhlmmmwmmlemmmeMuMnmmm
sgent, is recommendably administersd to human adults once & day by intravencus injection in a cose of
1x10° to 1x10° Internationsl units.

in the present specificstion, the amino ecids, when referred to by abbrevistions, are abbreviated
according to IUPAC-UB (Commission of Biologicel Noamenciature).

The transformant Escherich/a cod 294/pHITtD1101-d2 as disciosed hersinlster in a reference ©ample
has been deposited with institute for Fermentation, Osaks (IFO) under the deposit number IFO-14350 and,
since June 6, 1984, with the Fermentation Research Inetitute {FRI), Agency of industrial Science and
mnology. Ministry of internations! Trade snd Industry under the depcsit number FERM BP-703 under

pest Tresty.

mm:wmmom/pmmb«nmmmwmamnmm.om
under the deposit number IFO-14289 and, since April &, 1384, with the FRI under the depoasit number FERM

Hg.lmandummlngmmmplm-udhdoudln&umphi(wkm
MMMOWMW&.MMNmodﬂoleN-aaccordngtomolnwnuon-M
in Example 1 (i) are indicated by O (enzyme immunosssay) and O (antiviral activity assay), and the results
obwmdmdeodancumlbv.(omvmhmunuuMmdl(mﬂvlnlMuuy).

ngmmoduumwmcmmmm-ahdo.dlnmmploa(n).mdn
lmlaudbyA.Dm.mmmmlmmmmymbrmmwm.&mmdmzmm
1) and control rifN-aA, respectively,

Fig. 3 shows the construction scheme for the opression plasmid pHITYp1101-d2 disciosed in

mmmam-mag.4mmwmm.brmmmonmun¢dpm¢mm
Reference Exampile 4 (1) '

Best mode for canrying out the invention
mwowlngwunomunwdmmampmlllmumﬂmﬂonlnmonmbuun

-~ by no mesns Umitative of the invention.

polysthyiene glycol methyl ether-modified IFN-a
_(I)As-mﬂumnpmﬂn)mdondamdlmtﬂmwmmdwmlmuM
Mmm(ﬂllmmmsMoodumehbddonrc:onzhoumnmoduwztu%%mn)
mmmmmqwmmmuwwmmm 1 mg
obummmaumpunmm.mmwanuwmmwmm
mdmnmhwmmmmbcuumuumuuawe-nwumnnum
an)lndwmamuunmniummbuﬂor(msmwmsuodumehmmam

|

Mmhhm&dﬁdammuwmmmmwhmlen
hv&oehlodc.dd.ﬂﬂ'c.zﬂnun)mnubnm:up.iu (12); Thr, 10.4(10); Ser, 18.0 (14); Glu, 24.8

; Pro, 8.0 (8); Gly, 6.3(5); Ala, 8.6 (8); Val, 8.5 (7); Met, 8.0 (5}; ile, 7.3 \8); Loy, 21.0 (21); Tyr, 8.2 (8); Phe,
9.9 (10); Lyu, &.5; His. 3.8 (3); Arg, 8.1 {9); Cys, Trp, decomposed. In view of the fect thet iFN-aA containe 11
LﬂWNMWMb.WMMMM% dlw(m.;ﬁmumw:omm
w«mmwpmnmmmwm« everage .
mmamhmummwwmnlmmmmmmm,
79, 550508 (1981)] was 1.51%x10° Inemations! unite/mg snd the antiviral sctivity ss detarmined by the
methad described In Joumnael of Virology, 37, 765—758 (1981) was 0.57x 10" {nternational unita'mg. This
m(lﬂ-a’muhmlludmodnumwlnmummﬂomwnm

(1) Using 100 mg of the polyethylenas glycol mettyt ceta- *° ¢ * *eat.are “sfarence Example 1
and having an aversge molecular weight of 750 and 160 mg of sudivin cyanoborohydride, fiFN-aA was

4

purificatian process conventional In the fleld of .
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treatad in th same manner as (i) to give 30 mi of & solution of polyethylene glycol methyi ether-modified
IFN=g with a proteln content of 130 pg/mi. Amino acid ratios in acld hydrolysate (8 N hydrochioric acid,
110°C. 24 hours) wers as f llows: Asp, 12.1 (12); Thr, 10.1 (10); Ser, 13.6 {14); Glu, 28.7 (28); Pro, 5.5 (5);
Gly, 8.8 (8); Ala, 8.4 (8); Val, 8.7 (7); Met, 5.5 (6); lla, 7.4 (8); Leu, 21.0 (21); Tyr, &1 (§); Phe, 8.6 (10); Lys, 4.7;
His, 3.5 (3): Arg, 9.1 (9); Trp, 1.8 (2); Cys. decomposed. The sbove data indicats that sbout 57% of Lys
residues had been modified at the s-amino group. Enzyme Immunosssay parformed In the same menner
as (i) gave the resuit 5x 10° intermational units/mg, and the antiviral activity of the product was 0.14x10%
intarnational uni

{iii) The procedure of {i) was followed using 27 mg of the polysthytene glycol methyl ether sidehyde
and 27 mg of sodium cysnoborohydride snd there was obtained 50 mt of a polysthylens giycol methyl
sther-modified |FN-a solution with a protein content of 48 ug/ml. Amino acid rstios in acid hydrolysats (6 N
hydrochioric acid, 110°C, 24 hours) gave the following results: Asp, 13.8 (12); The, 10.4 (10): Ser, 14.9 (14);
Glu, 2.6 (26); Pro, B.5 (B); Gly, 6.1 (8); Ala, 8.3 (8); Val, 8.8 (7); Met, 5.2 (5); lle, 7.4 (8); Lau, 21.0(21); Tyr, 5.3
{8); Phe, 10.2 (10); Lys, 9.0; His, 2.8 {3); Arg, 9.1 (9); Trp, 2.3 (2); Cys, decomposed. The sbove data Indicste
that sbout 18% of Lys residues had been modified st the e-amino group. Enzyme immunossssy performed
in the same manner as ([} gave the result 1.09x 10" internationsl inita/mg and the antiviral activity of this
product was 1.83x10° intemational units/mg.

(iv) The chemicalty modified IFN-a (IFA-3) of the invention as obtained above in (1) was sdminlstered to
a group of three 7-week-cld female SO rats by Injection into the femoral muscie in a dose of 1.274x10% units
per capita. After a prescribed period, blood was sampled from the caudal vein snd the IFN-a potsncy In
plasma was determined by the enzyme immunocasssy method and antiviral sctivity method described in
Example 1 () A distinet delay in clesrsnce wes observed se compered with a group administered
unmodified interfercn a (FN-GA) In s dose 1.2%58%10° units per capits.

The above results sre depicted in FAg. 1.

Eumph 2

To § ml of the solution of chemically modified IFN-a (IFA-3) of the invention se obtalned in Example 1
{1), there ls added 280 mg of human serum aibumin. The resulting solution is fittersd through & membrane

filtar (pore etee: 0.2 wm) snd distributed into 6 vials, followed by lyophfiizsticn snd storsge. The conternts of -

ssch visl are disecived In 1 m! of distilled water for Injection just prior t0 use.
Exampie 3

PI'!Noduedon of palysthytene glycol methyl sther-modified IFN-a and afksnoyi-polyethylene glycokmodified .
<

{I) The title compounds were synthesized by using the polysthylene glycol methyi ether aidehyde and

slkanoyipolysthylens giycol sidehryde obtained in Reference Example 1 and Reference Example 2,
mp:z'vw,mdfoﬂmeMnof&mpkl.V.ﬂomdmhrmdmmmulndln.

shown In Tabie 1 and amino ecid analysia deta therefor in Teble 2.

m)mMaWMﬁdIMMoWMhmm(mpeundoﬂo.zmdNo.B)m
sdministared 10 7-week-old femaie SD rats in groups of 3 by Intramuscular injection into the femur in doses
of 3.12x10° units and 2.88x10° units, respectively. Thereaftsr, blaod ssmples were collectad from the
caudsl vein st times Intsrvale snd assayed for (FN-a potercy In plssms by entyme Immunocsssay.
Obviousty delsyed clssrance was notad 88 compared With 55 y.wwp o:+60 2.32X10° units of unmodified
IFN-a. These results are deplcted In Rg. 2. .

.
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TABLE 1

{ca. 200 times)

Addition
of

Polysthylene glycol methyt ether-modified interferon a and
. slkanoyl polyethyiens giycol-modified interferon a
amount (mg) NeBH,.CN | amountimg) | (housrs) | 280 nm

sidehyds

FEG

Resc-
ton

emp.
b

mol.
wt)

PEG
sidehyde

{av.

FNa
amount

Com-
pound
No.

100
(ca. 400 times)

76 he |
{ca. 240 imes)

{ca. 50 times) iater

184

4

(1640)

6 ml Caproyl PEG

{1100)

PEG: Polystiwiene glycol, MeOPEG: Polysthylene glycol methyl ether,
The valus in parentheses is the aversge moleculsr weight.

6 mi Acstyl PEG

NaBH,CN: Sodium cyanoborohydride, EIA: Enzyme immunoassay, AVA: Antiviral activity

42 mg)
42 mg)
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TABLE 2
Amino acid snalysis vaiue
Com- . Theo-
pound AFN | retical
No. 1 2 3 4 5 8 ? 8 9 , <A value
Asp 128 | 127 | 128 | 125 | 134 | 129 | 122 | 126 ) 128 | 128 12
The M7 118 ) 112 | 109 | 113 | 114 | 109 | 118 | 113 | 11.8 10
Ser 188 | 167 | 187 | 184 | 176 | 188 | 184 | 188 | 1868 | 168 14
Glu 74 | 270 | 207 | 273 {278 | D3 | 281 | 203 204 | 278 r 28
Pro . - 83 5.8 (1] 6.8 LY ] | 5.5 67 5.7' 7 ]
Gly 49 6.0 48 48 7.4 48 48 . 5 84 48 s
Ale 8.1 8.0 81 |78 8.8 78 13 | 83 84 78 8
Cye - |- == =j=]=|=1]=1- .
Vel a8 88 87 66 73 6.7 &3 69 71 (1] ‘ 7
Met a2 42 43 43 44 43 41 47 48 9 e
fie 77 12 1.7 7.8 8.0 7.8 73 75 1.8 7.8 8
Lsu 210 | 210 [ 210 | 210 | 00 | 210 | 210 | 10 | 210 | 0.0 21
Tyr 43 48 A8 48 49 46 44 48 48 48 ]
Phe 98 8.8 9.8 2.8 98 8.8 24 8.7 a8 s.8 10
lys 88 | 103 | 108 2.8 s4 a1 23 8.8 49 | 113 1"
His 27 0 27 27 29 23 26 29 X ] 41 3
Arg as a8 9.2 88 | 91 88 88 7 78 8.9 9
Trp - - - - -} = -l o8] 10| = 2
—: Not detected.
Example 4

Production of polysthylene glycol methyl ether-modified interferon-y

~ () A Bmi pordon (898 mg ss protein) of a solution of the interferon-y protein produced by the
recombinant ONA technique (hereinsfter sbbrevisted as iFN-y; cf. EPC laid open No. 110044) was sppiled
to & Sephadex G-28 column (2.0x60.0 om) and deveioped with 0.2 M phosphate buffer (pH 7.0). The sluate
was fractionated In 8-mi portons. Fractions Nos. 11—13 wers combined and dilutad to 100 mi with the
same buffer. Thereto wae added polyetiryiene glycol methyl ether sidehyds {sversge moleculer welght
750) (228 mg), followed by sddition of sodium cysnoborohrydride (300 mg). The mixture was shaken 8t 37°C
for 72 hours. The resulting precipitate wes removed by centrifugstion. The supematant was concentrated
0 10 m! using & Diefiow mambrane (Amicon). The concantrets wes spplied to & Sephsdex G-78 column
{3.0%43.0 cm) end developed with 28 mM srmmonium scetate buffer (pH 8.0)+-0.16 M sodium chiaride+ 10
mM giutathions. The sluats was fractionsted in 5-m! partions. Fractions Nos. 17—24 containing the desired
product were combined. The protsin contant in the combined fractions as determined by the Bradford
method using bevine serum sibumin se a standard was 7.73 ug/mi. The scid hydrolysate (6 N hydrochioric
scid, 110°C, 24 hours) gave the following amino acid analysis vaiuss: Asp, 1.8 (20); Thr, 47 (8); Ser, 8.3
(11), Glu, 18.8(18); Pro, 2.1 (2); Gly, 5.4 (5); Als, 7.5 (8); Vai, 8.4 (8); Met, 3.7 (4); ite, 7.1 (7); Leu, 8.7 {10), Tyr,
8.3(5); Phe, 8.7 (10); Lys, 17.8; Mis, 2.0 (2); Arg, 5.0 (8}; Cys, Trp, decompossd. Sinos iFN-y containg 20 Lys
residues, the abave results indicste that about 12% of the Lye c-emino groups In riFN-y hed been modtfied
by polysthylens glycol methyl ether (sversge molecular weight 780). The product had an sntiviral sctivity

7

[



"

8

EP 0184 316 B1

of 1.3x10* intemational units/mg. Administration of the praduct to rats resuitad In obvious delay In
clearance in biood. On the other hand, the precipitate was dissolved in 8 M guanidine hydrcn:ﬂkwk!l:Y and
dlslyzed sgeinst 26 mM smmonium acetate (pH 8.0)+0.15 M sc “um chlarida+ 10 mM glutathione st 4°C
vernight, followed by Sephadex G-76 gei filtratian in the same Tmanir as abave. The thus-purified
fractdon (28 mi} had & protein content of 124 ug/mi and amino scld snalysls of the scid hydrolysate (8 N
hydrochloric acid, 110°C, 24 hours) gave the foilowing vaiues: Asp, 20.0 (20); Thr, 5.2 (5); Ser, 9.5 (11); Glu,
27.8 (18); Pro, 2.7 (2); Gly, 14.8 (6); Ala, 8.1 (8); Val, 8.5 (8); Met, 4.3 (4); fte, 7.2 (7); Leu, 102 (10); Tyr, 6.8
(5); Phe, 10.1(10); Lys, 14.7; His, 2.0 (2); Arg, 2.3 (8); Thr, 0.7 (1); Cvs, decompased. The higher vsiues for
Glu and Gly than the theorsticsl are presumably due to contamination by glutathione. Since riFN-y contsins
20 Lys 2-aming groups, the above rosults Indlcsts that about 26.5% of the Lys c-amino groups in dFN-y i1ad
been modifed by polysthylene glycol methyl ether.
{1} Using 228 mg of poiysihyiene giycoi methyi ether aidenyda having an average moleculsr weight of
750 and 120 mg of sodlum cyancborchydride, riFN-y was traated in the same manner as (1) in the presencs
dZ«n«uMnd(zﬁ)bglvonmloHpommgw methyl ether-modified AFN-y solution
having 8 protein content of 236 ug/mi, Amino acid analysis of the add hydrolysats (8 N hydrochioric acid,
110°C, 24 hours) gave the following values: Asp, 20.0 {20); Thr, 5.2 (S); Ser, 9.8 {11); Giu, 33.8 (18); Pro, 1.8
(2): Gly, 19.9 (8); Ala, 8.2 {8); Val, 8.9 (8); Maet, 4.8 (¢); lle, 7.4 (7); Lay, 10.2 {10); Tyr, 6.9 (6); Phe, 10.7 (10);
Lys, 10.2; His, 2.3 (2); Arg, 7.9 (8); Trp, 0.8 (1); Cys, decompased. The higher values for Glu snd Gly are
presumably dus to contamination with glutsthione. Since fiFN-y contains 20 Lys ¢c-amino groups, the
sbove resuits indicsts that about 50% of the Lys s-emino groups In fiFfN-y had been modified by
polysthylens glycol methyl ether. ’ .

-Example §

Production of polysthylene glycol methyl ether-modified IFN-yd2

() A 5-mi portion (4.96 mg as protain) of the IFN-yd2 eolution obtained in Refersnce Example 3 is
epplied to & Sephadex G-25 column (2.0%60.0 ¢m) and developed with 0.2 M phosphats buffer (pH 7.0). The
sluste (s fractionsted by 8 mi. Fractions Nos. 11—13 are combined and dlluted to 100 mi with the same
bufter. To the dilution s added polysthyiene glycol methyt sther aldehyde {sverage molecular weight 750}
(200 mg), and then sodium cysnoborohydride {300 mg). The mixture is shakan st 37°C for 72 hours: The
resulting precipitate Is removed by centrifugation. The supematzn® s cc - zantratad to 10 mi using e isflow
membrane (Amicon). The concantrats is spplied to a Sephadex G-76 column (3.0%43.0 cm) and developed

. with 26 mM emmonium scetate buffer (pH 8.0)+-0.18 M sodium chicride+ 10 mM glutathione. The shuate is

mesw,MMmemm'MMMhManMMQWW
ocnrmw:mu\ol.wmmgmpinmoulolmhmeollmdweomblnod.wmmmn
administered to rats, evident delsy in clesrance In biood ls notad. ‘

On the other hand, the precipitate is dissolved In 8 M gusnidine hydrochioride, dlslyzed ageinst 28 mM
smmonium scetate buffer (pH 6.0)+0.15 M sadium chicride+10 mM glutathione at 4°C ovemight, and
purified by Sephadex G-76 gel fiitrstion In the same manner as sbove. Thus is obtained a frection

contalning modified IFN-yd2 having the polyethylens glycol methyi ethyl molety on the Lys s-amino group
in the molecute. .

Example 8 :
Production of polyethyiene glycol methyl ether-modified IFN-y3

() A §-mi (8.5 mg as protain) portion of the IFN-yd3 solution obtained in Referance Exampie ¢ s applied
to & Sephadex G-28 column (2.0x80.0 cm), followed by develapment with 0.2 M phosphats buffer (pH 7.0).
The elusts is fractionsted in S-mi portions. Fractions Nos. 11—13 are combined, end thersto ars added
polysthylens glycol methylether sidehyde (sverage molecular weight 780) (228 mg) and then sodium
cyanobarohydride (120 mg). The mbxture is shaken st 37°C for 24 hours. The reaction mixture is spplled to a
Sephadex G-75 column (3.0%43.0 cm), followed by development with 28 mM smmonium acetats buffer
(pH 6.0). This is obtained a fraction containing modified IFN-yd3 with the polyethylens glycol methyl ether
molety on the Lys s-amina group In the molecule. When this product s administered to rats, cbvious deley
in clearance in blood is observed.

Exampls 7
Production of polyethyiene glycol methyl ether-modified 1L.-2

(i} A &-mi (8.0 mg as protein) portion af the interteukin 2 (hereinafter sbbrevisted ss ril.-2) obtained in
Reference Example § was dialyzed against 0.2 M phosphats buffer (pH 7.16) for 12 hours. To the dislyzats
was sdded polystiiens glycol metiyl ether sidehyde {aversgs molecular weight 780} (97 mg), snd then
sodium cyanoborohydride (100 mg). The mixture was stirred at 37°C for 24 hours. The resuitant precipitate
was removed by centrifugation. The supematant was dislymd sgaint § mM smmonium scetate buffer (pH
8.0) for & houra. The diatyzate was spplied to & Sephadex G-78 column (3.0x%43.0 cm) snd developed with
the same solvent systemn. The siuste wee fractionsted In 8-mi portions. The desired product-contalning
frectons Nos. 21—29 were combined. The combined fraction had a protein content of 28 ug/ml se
determined by the Bradford method using bovine ssrum albumin es a standard. The ecid hydrolyssts (8 N
hydrochioric scid, 110°C, 24 hours) gave the following smino scid snalysie valuss: Asp, 12.0 (12); Tw, 125
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(13); Ser, 7.1 (8); Gly, 18.8 (18); Pro, 5.5 (); Gly, 2.2 (2); Als, 6.0 (6); Va!, 3.7 {4); M 4); | .

2.2 (22); Tyr, 3.0 (3); Phe, 6.0 (6); Lys, 7.3; His, 3.0 (3); Arg, 3.9 (4); Cys, Trp, ?&;am&su:l r';:uz
contains 11 Lys residues, the above results indicate thet about 33.8% of the Lys t-amino groups had been
modified by polyesthyiene glycal methyl sther. The iL-2 activity of the product as detarmined by th method
of Hinurma et ai. [Biochemical and Blophysicai Resaarch Communicstions, 709, 383—389 (1982)] which
measures the growth of an IL-2-dependent mouse natural killer cell line (NKC3) with the [*H]-thymidine
uptake [nto ONA s an index was 22,998 units/mg. When rlL-2 Is suppcsed to have an activity of 40,000
unite/mg, the product Is estimated to retain 57.7% of the act!: "y After administration of this product,
obvious delay in clearsnce in bicod was notsd.

Reference Example 1 . '
Synthesis of polysthylene glycol methylether aldehyde :

(i} Polyethyiene glycol methyi ether (8 g; sverage molecular weight 5,000) was dissoived in methylene
chioride (100 mi) and then pyridinium chicrochromats (330 mg) was added. The mixture was stirred st
room temgersture for 12 haurs. The resction mixture wes diiutsd two-fold with methylens chioride end
poursd into & Florisi! column (8x 10 cm), and the column wes washed with methylene chioride snd then
with chioroform, followed by elution with methanolichloroform (1:9). Fractions positive to 2,4-dinitro-
phenyihydrazine teet were combined, the sotvent was distilled off under reduced pressurs, and there wes
obtained & crystaliine wax. Yield 1.8 g (30%). Thin lsyer chromatography: R,=0.08 {chioroform-methenoi-
scetic acid=8:1:0.5, ellica gel). "*C-NMR spectrometry revesied an sheorption dus to the aldehyds group in
hydrated form (—LH{OH),) et 86.2 ppm.

{Ii) Polyethviene glycol msthyl ether (10 g: sverage molecular weight 5.000) was dissolved In
tertiary-butanol (100 mi). Thersto was sdded potassium tertiary-butoxide (4:17 g), followed by sddition of
bromoacetal (2.58 mi), The mixture was stirred at 40°C for 2 hours. The tertiary-Dutanol was then distilied
oft under reduced pressure, watsr wes sdded to the residue, and the squecus mbaurs was extracted with

Yuod

chioroform (200 mix2). The extract was washed with water and dried over snhydrous sodium sulfste. The :
chioroform was then distitied off under reduced pressure, petroleum benzine was edded to the residue, and -

the resuitant crystsiline residus was collected by filtration and weshed with ather. Thus was obtained 3.5 g
{96%) of the corresponding polysthylene glycol methyl sther diethy! acetal. A 6-g portion of the acetal was
disscived In 80 ml of 0.08 M trifiuoroacetic acid, trested In a boiling water beth for 30 minutes and then

lyophmud.gMngl_Wgﬂalwww.mwlnmhlmw—o—mpﬁ-

than the product obtained in (1) . .
{I6] Polysthylene glycol methyl ether (6.7 g; sverage moleculsr weight 1.800) was dissolved In

maethylens chioride (100 mi} and then pyridinium chlerochromats (870 mg) wes added. The mbcture was

stirred ot room temperature for 12 hours, then dituted with an aqusl volume of methytene chioride, end

poured into & Florisil column (6.0%10.0 cm). The column was washed with methylene chioride and then -

with chioroform, followed by elution with 10% methsnolchloroform Fractions positive to 2,4-dinitro-
phenyitiydrazine test were combined. Removal of the sotvent by distiilstion gsve 8 crystaliine wax. Yield
18 ¢ (30%). Thin layer chromatography: Re=0.10 (chioroform-methanol-scetic acld=9:1:0.5, silica gel).
"O-N?OIL smwy indicated the pressnce of an absorption due to the sidehyde group In hydrated form
—LH st ppMm. .

{iv) Polysthylene glycol maethy! ether (19.8 g; sversge molecular welght 1,900) wes disscived in
tertlary-butanol (100 mi), Potassium terdary-butoxide (10.4 g) wes added and then bromoscets (6.4 mi)
was sdded. The mbxture was stirred st 40°C for 2 hours. The tartiary-butanal was then distilied off under
reduced pressure. Water was sdded to the residue, followed dy extraction with chioroform (200 mix2). The
extract was washed with weter and dried over snhydrous sodium sulfets. The chioroform was distilled off
under reduced pressurs, petroleum benzine was added to the residue, and the resultant crystaitine residue
waes coilected by fiitration and washed with ether 1o give 8.5 g (89.5%) of acetal. A 3-g portion of the acetal
was dissolved In 0.08 M trifiuoroscstic ecid, and the sclution wes treatad In a boiling water bath for 30
minutss snd then lyophilized to give s polysthyiene glycol methyl sther aldeityde longer in chain length by
~O0—CHCHy— than the product obtained In (M), i

(v) Potyethyiens glycol methyl ethar species having sverage molecular weights of 780, 580 and 350
wers derived to the corresponding aldehyde species by following the above procedurse.

Synthesls ol polyethyieneg
of sikancyl lycol sidehyde

{1} in 80 mi of pyridine, there was dissolved 18 g of polyethylens glycol 1640 (Weko Pure Chemicsl
industries) (sverage molecular weight 1600). To the solution was sdded 1.88 mi of acetic snhydride. The
mbchure was stirred st 40°C for 2 hours snd then at room temperature for 16 hours. Thereafter, the solvent
waa distiiled off under reduced pressure. The residue was dissaived in chioroform, and the solution wes
washed with water, the chioroform Isyer was dried over anhydrous sodium suifate, end the chioroform
was distilied off under reduced pressure. The residus was dissoived in 8 small amount of chioroform, a
petroieum benzine-ether (2:1) mixture was added to the solution, and the mbcure was silowed 10 stand o
give 14 g (90%) of a crystaiine wax. A 1.4-g portion of ths wax was dissolved in 50 mi of methylene
chioride, followsd by addition of 300 mg of pyridinium chicrochromate. The resulting mixture was stirred
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&t room tempersture for 18 hours. Th resctfon mbdurs was spplied to e silica gel C-200 (Wako Pure
Chemical Industries) column (380 em), and the column was washed with 8% methangl-chicroform (200

mi) and eluted with 10% methanol-chloroform. Fractions positive to the 2,4-dinhrophenyihydrazine test

were combined, and the solvent was distilled off under reduced pressure. A crystailine wax was obtained.
Yisid 580 mg {41%).

{11} In 50 mi of methylene chloride, there was dissoived 20 g of polysthylene glycol 1000 (Wako Pure
Chemical Ind.) (sversge molecuier weight 1000), followed by sddition of 5.15 ¢ of n-caproyi snhydride. The
mixture was stirred at 70°C for 2 hours. Then, the solvent was distiiled off, and the residue was purified
using & silica gel C-200 column {3x80 cm) end elution with ethyl acetate-methanol (4:1) to give 1499 (80%)
of an cil, which walidified upon standing in e refrigerator. The subsaquent oxidastion with pytidinium
chiorochromats as conducted In the same manner ss () gave the corresponding aldehyds.

Reference Exampie 3 — Production of IFN-yd2
() Transformant preperation

The IFN-y expression plasmid pHITrp1101 [cf. EPC (laid open) Ne. 110044, Example 2 (i)} was
digested with the restriction snzymes Avail and Psat, and an Avall-Pst 1 kb ONA fragment contalning the
IFN-y gene portion wes isolsted. The protsin synthesls start codon-contalning aligonuciectide adapter

CGATAATGTGCCAG
TATTACACGGTCCTG

ehatﬂallylvmmdndbyﬂnphocpMMmahodwulolnodbﬁnabovoDNAhemuﬂnAwﬂ
ochesive end thermsof using T4 DNA ligase.

Thoohcwndnpm—]olmdmwulmlubthomﬁumobulndbydowmafm.
plsamid prp771 (cf. sbove~cited publicstion, Exampile 2 (H)] with the restriction erzymes Clal and P,
downetraam from the tp promgter [n said fragment. Thus was constructsd the expression plesmid
PHITUP1101-d2 coding for the Cys-Tyrdeficient IFN-y polypeptide (Rg. 3).

Eacherichia coll 284 was transformed with this plesmid pHIMrp1101-d2 by the method of Cohen ‘et al.
(Proc. Net. Acad. Scl. U.SA., 89, 2110 (1972)] to give the transforment Escherichie coll (=E. coll)
24/pHITUP1101-d2 carrying said plssmid.

() Transforment cuitivstion

ThomlnE.Mmmpilm&unwmmplmnmhmwowmwmmm
modmneormlﬂng!nahﬂolem.OA%ofmlnooddunﬂ%dolueounm%mm
MWN&O.MM&MMWWN.&Wd&WM.
mwm“mﬂwmmm«uoummmahmhwwmmn
and suspended in 1710 volume of 0.08 M Tris-HCI {pH 7.6} contalning 10% sucross. To the suspension, thers
were added phenyimethyleulfonyl fluoride, NeCl, sthylensdiaminetstrascstate (EDTA), spermidine and
mbmd1MlOmﬂ.meammw.W.muanmfon
hom,hwwdmmumdnmnfamhmwmn

The lysats was subjectad to centrifugstion at £°C and 20,000 rpm (Servall centrifuge, SS-34 rotor) for 30

minutss to an IFN-yd2 polypeptide-containing supematant. This supemetant had en antivirel sctivity
of 2.87x10° Witter cukture fluld. .

(M) Purificstion of IFN-yd2

h10mldo.1MT!bModﬂoddahuﬂu(pH?h)wmm7umldmhydndﬂoddom2mM
mwmmwmmmmmuodmmmwummmuao
-mmwmmmmmowmumnmu1mwm~ww
cummmnWngm&mlmmgmzomﬂanhmmmdumm
200 mi of & buffer (pH 7.4) comprising 137 mM sodium chioride, 27 mM potsssium chioride, 8.1 mM
dmmmumnmuwummmmmmmmmruuw
MMMMIMMWlppﬂodbm.nﬁbodyedumn(llwz-ﬂ.teolmwmw
m)unﬂumdtmmmmmmmmmmnm«ammm
mtpumwnguuwmwmwmmsmammm
mm(wwmzugumdmhwmmumnudmmwm

mzommmnmmm.sophws-mmm)mmmxummmm
mm)mnbrmmmmumumwmwwm1m
ethyienediaminetstrascetate, 0.18 M sodium chloride, 10 mM cysteine and 2 M hrydrochioride,
with the same buffer. Thus was obtsined 37 ml of an antivirally active frsction.

foltowed
. Thoéwl- IFN-y polypeptide (IFN-yd2) obtained weighed 5.9 mg and had & specific activity
ol 1.0x10" Wmg, v
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Reterence Example 4 — Production of IFN-yd3
(1) Transformant productdon

The IFN-y expression plasmid pRC23NR-900 [cf. Example 7 of the specification for a patent applicati n
under EPC a3 lald open under No. 0089676] was digasted with the restriction snzymes NVdel and Ncol, snd &
710 bp Ndel-Ncol DNA fragmaeng (A} containing the IFN-y gene region was isolsted. Separately, the plasmid

* pRCZ3 was digested with the restriction entyme BgAl snd Ecofll, and a 268 bp DNA fragment (B) containing

the AP, promotar was isolstad. The fragments (A) and (8) end the chemicaily synthesized, protein synthesls
start codon-containing oligonucieotide )

AATTCATGCAGGATCCA
GTACGTCCTAGGTAT

were joined together using T4 DNA ligsse, with the Ndel and EcoRl cohesive ends as the sites of loining.
The DNA fragment thus obtained wes joined to the plaamid pRC23AF-800 efter tregtmgnt with Neol and
8gM, to thersby construct sn expression plssmid, plC2, coding for the Cys-Tyr-Cys-deficient IFN-y
polypeptide (Fg. 2). This plasmid pLC2 was used for transforming Escherichia coll RRI(pRK248 cits) by the
method of Cohen et al. [supra] to give a transformant, Escherichle coll }=E. coll) PRI(pLC,pAK248 cits).

{i} Trensformant cultivation

) The strein £ co# RRAI(pLC2,pRK248 cits) carrying the plasmid constructed In (i} sbove was
shake-cultured st 38°C in 50 mi of & liquid medium containing 1% Bactotryptone, 0.5% yeset extract, 0.6%
-odlumdnloddomd7udmlw-cvdlno.fhoeum~bmﬂ\wumhmdnz.sm.uofmmod!um
containing 0.5% casamino ecid, 0.5% glucose and 7 ug/m! tatracyeline, and grown at 36°C for 4 hours and
then st 42°C for 3 hours. Calls were harvested by centrifugstion snd stored st -80°C.

(i) Purificstion

n 22 mi of 0.1 MTdo-hydchoddobuﬂv(pH?.O)WM7MgumldlmhydmdﬂoﬂdundzmM
phenyimaethyisutfonyi flucride, there wers suspended 7.1 g of frozan cells obtained In the same mannar &s

Q063

mentionsd sbove in (If). The suspension was stirred at £°C for 1 hour and then centrifuged st 10,000 g for '

@mmmwgmumldlmmmmwmmmdlutodby.ddngmlnlofmtndmo
dilution was spplied t0 an antibody column (Moy2-11.1, column capacity 18 mi) at o flow rate of 1
mllmhm.w.tboenlumnwummwmlcfzom:odumphoophmbuﬂu(pﬂm)
containing 0.5 M guanidine hydrochiorde end then eluted with 48 mi of 20 mM sodlum phosphate buffer
(pﬂ'l.meonulnlm2Mwmldmhydmehloddo.mﬂw”mldmmﬂvldlymﬁnﬂon.mmdon
(25 mi) was spplled 10 & Sephscryl S-200 (Pharmacis) column (2.8x94 cm; column capacity 500 mi)

equilibrated in advance with 28 mM ammonium scetate buffer (DH 0.0) contalning 1 mM ethylensdlamine- -

tetrescetic scid, 0.16 M sodium chiorids, 10 mM cystsine and 2 M gusnidine hydrachioride, and eluted with
the same buffer to givg 40 mi of sn antivirsily sctive fraction. '

The thus-obtained Cys-Tyr-Cye-deficient IFN-y polypeptide IFN-y d3 weighed 7.0mgand hed a specific
sctivity of 2.72x107 IUANg.

Aeference Exampie § — Production of non-glycosyleted human iL-2
() Transformant cultivetion

£ coll DHUpTF4 [EPC Pat. Appin. No. 84308163.0] wes Inoculsted into 80 mi of s liquid medium (pH
7.0) containing 1% Bacto trygone (Difoo Laboratories, USA), 0.5% Sacto ysast axtrect (Difco Laborstories,
USA), 0.5% sodium chioride end 7 g/mi tetrecyciine as placed In & 280-mi Erlenmeyer flask. After
hwbdonnmowmlqmonuMnomr,dneuhmmodlumwunuhmdmluhrhthmmm
deunmdlﬂnudmneomwmu%mhd&&&%qﬁmand?udmlmlm
Incubstion wes then conducted with serstion and stiming at 37°C for 4 hours and aftar addition of
3-8-indolylacrylic adid (28 ug/mi), for further 4 hours. Calls wets harvestsd from the thus-obtained 2.8-iter
culture broth by centrifugation, frozen st ~80°C and stored,

(#) Extraction ‘

The freeze-stored calis (12.1 g) obtsined above were suspended uniformly In 100 mi of an extractant
{pH 7.0) containing 7 M guanidine hydrochioride and 0.1 M Tria - HC), the suspension was stirred &t 4°C for
1 munmmmwau.mxgwnmmuthmmmmumd.
supemastant, .

(W) Purifioation of IL-2 protein

The supematant obtained above wes dislyzed againet 0.01 M Tris - HC! buffer (pH 8.5) and then
Wnimnm10mhmng“mld.dlepoanhhdhmwmm
waes applied to e DE 52 (DEAE-celluiose, Whatman, Great Britain) column (50 m in voluma) equilibrated
with 0.01 M Tria- HC1 buffer (pH 8.5) for protain adsorpdon. -2 waa eluted making a linaer NeCl
mwonmnco—msum.nm.momm(m)mm:rudmumn
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using » YM-8 membrane (Amico, USA) and subjected to gel filtration using s Sephacry! $-200 (Phermacia,
Sweden| columa (500 mi in volume) equibratad with 0.1 M Tris - HC! (pH 8.01—1 M NaCl buffer. The sctive
fractions (28 mi) obtained wers concentrsted to 2.5 mi using a YM-6 membrane. The concentrats was
applied to an Ultrapors RPSC (Altex, USA) column for adsorption, and high performance liquid
chromatogrephy was performed using a trifluorcacstic acid-acetonitrile system as the siuent.

Under the conditions: column, Ultrapore RPSC (4.8x78 mm); column temparature, 30°C; eluent A,
0.1% trifiuoroscetic acid—39.9% water; sluent B, 0.1% trifluoroscetic acid—39.9% acstanitrile; eiution
program, minuts 0 (68% A+32% B)-minute 28 (5% A+45% 8)-minuts 35 (45% A+E5% B)—minute 45
(30% A+70% B)-minute 48 (100% B); slution rate, 0.8 mitmin.; detection wave length, 230 nm. An active
faction was collected ot 8 retantion time of sbout 39 minutes. Thus was obtained 10 mi of a solution
containing 0.53 mg of nan-glycosylated humaen IL-2 protein (specific activity, 40,000 Wmg; activity recovery

4
fram starting matadal, 20.8%; purity of proteln, 58% (determined by densitometry)j.

1. A chemically modified lymphokine having polyethylene glyeol of the formula:
A-O—~CH CH -y

MnRlaopmudvogmpformohnnlndommMmmntamombndpoduwlwr,bondod
directly to at lesst one primary amino group of the lymphokine moiety.

2 The modified lymphokine sccording to claim 1, wherein the lympholine moiety has molecular
weight from 5,000 to 50,000

3. The modified lymphokine according to claim 2, whersin the tymphokine molety has molecular
weight from 10,000 to 30,000.

4. The modtfied lymphokine according to claim 1, whersin the lymphokine molety is interferons,
interieukin-2, macrophage differentisting factor, macrophage activating factor, or substances similar in
structure and in physiological activity to thees. :

& The modified lymphokine according to claim 1, wherein the lymphokine molety Is interferon-a,
interferon-fi, interferon-y, Interferon-yd2, Intsrferon-yd3 or interleukin-2.

6. The modified lymphokine according to claim 1, whersin the lymphokine maolety is interferon-a.

7. The modified lympholdne sccording to clsim 1, wherein the lymphokine molety is interferon-y.

8. The modified lymphokine according to claim 1, whersin the lymphokine moliety is interieukin-2.

2. The modifted lymphokine according to claim 1, wherein the potysthylene glycol has moleculer

corresponding to 1 to 10% of the molecular weight of the lymphokine moalety.

10. The modified lymphokine according to claim 1, wherein the polyethylene glycol has molecular
welight from 350 to 6,000,

11. The modified tymphokine according to clalm 1, wherein R is alkyl or

12. The modiflad lymphokine sccording to claim 1, whersin n is a positive integer from 7 0 120.

13. The modified lymphokine according to claim 1, wherein the primary amino group is N-terminal
mlmgmpaﬂmhomd&“nd&ﬂnmwmwmmw. : :

14, The modified lymphokine socording to claim 1, which hes polyethylene giycol bonded to 18 to 80%
duuﬂmmdtydmnddmlnmwmﬂ\oummw.

m1tAdemamm1wmwmmmgwum
ule:

R--OCH CHele

vmudnRlﬂmehmlndmnwmndnbwopﬂommuwimmbomd
dneﬂymuhumodmuﬂnogmpdmwmmm.whhhmpdmml
lymphokine with en aldehyds of the formuls:

R-+-0—CH,CHig=yO—CH,CHO

whersin R and n sre es defined above, in the presence of a reducing sgent.
mmwm.umw,mmnmmeﬂonummmwumu

17. The method sccording to claim 18, whersin the reducing egent is sodium cyanoborohydride.
Patentanepriche
1. Chemisch modiftiertes Lymphokin, dae ein Polylthylenglycol der Formel

AO—CHCH

12
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worin R eine Schutzgruppe fr das sndstindige Sau rst ffatom Istund n eine wihibare positive ganze Zah!
dersteilt, direit an wenigstans eine primlre Aminogruppe des Lymphokinantells gebunden enthitt.

2. Modiftziertss Lymphokin nsch Anspruch 1, worin der Lymphokinantsil ein Molekulargewicht von
6.000 bis 80.000 besitzt. .

3. Modiftzlertss Lymphokin nach Anspruch 2, worin dar Lymphokinantsil sin Moleculargewicht von
10.000 bis 30.000 sufweist.

4. Modifizdertee Lymphokin nach Anspruch 1, worin der Lymphokinantsil aus Interferonen, Interieukin-
2, Mekrophag-Oiffersnzierungsfaktor, Makrophag-Aktivierungsfaktor oder dlesen In Struktur und
physlologlscher Aktivitat Ehnlichen Substanzen besteht.

8. Modifiziertss Lymphokin nach Anspruch 1, worin der Lymphokinamail Interferon-a, Interferon-g;
Interferon-y, Intarferon-yd2, intarferon-ydd oder intereukin-2 ist

8. Modiftziertss Lymphokin nach Anspruch 1, worin der Lymphokinentsll interferon-a st

7. Modifiiertes Lymphokin nach Anspruch 1, worin der Lymphokinantsil Interferon-y st

8. Modlifiziertss Lymphokin nach Anspruch 1, worln der Lymphokinentsll Interteukin-2 let.

9. Mofiziertes Lymphokin nach Anspruch 1, warin das PolySthylenglycol ein Moleulsrgewicit sufwelist,
das 1 bis 10% des Mcleulargewichtes des Lymphokinantsiles antspricht.

10. Modifiziertes Lymphokin nach Anspruch 1, worin das Polydthylenglycol ein Moleculargewicht von
350 bis 6.000 besitzt. -

11. Modifizjertss Lymphokin nach Anspruch 1, worin R fir Alkyl oder Alkanovi steht

12. Modiftziertes Lymphaokin nach Anspruch 1, worin n eine positive ganze Zah! von 7 bis 120 bedeutst.

13. Modifisiertes Lymphokin nach Anspruch 1, worin die primirs Aminogruppe sine N-endstindige
a-Aminogruppe oder s-Aminogruppe eines Lysinrestss im Lympholinantell darstaiit

14. Modifiziertes Lympholkin nach Anspruch 1, das sin Polyithylengiycol enthillt, das an 15 bis 80% der
e-Aminogruppen des Lysinrestes Im Lymphokinanteil gebunden ist.

18. Verfahren zur Herstellung sines chemisch modifizierten Lympholins, das ein Polylithylengiycol der
Formel

R<4-OCHCH

worin R eine Schutzgrupps fr das sndstindige Sauerstoffatom ist und n fir sine wilhibers positive ganze
Zahi stei, direkt en wenigstens sine primdre Aminogruppe des Lymphokinantaile gebunden enthidit,
weiches Verfahren dle Umseetzung eines Lymphoking mit einem Aldehyd der Formel

A--O=CHyCH He=yO—CH,CHO,

mm:: &l? und n dis vorstshend angeflhrte Bedeutung besizen, In Gegenwart sines Reduktdonsmittels
u

18, Verfshren nach Anspruch 18, worin dle Reaktion In du" Nihe des Neutraibereiches durehqoﬁlhn
17. Verfehren nach Anspruch 18, worin dss Reduitionsmittel Natriumcyanborhydrid lst.

Revendioations
1, Lymphokine chimiquement modifiée syant du polyéthyldneglycol de formule:

R--0—CHCHry

dmhqumﬂcnungmpomwdnl'amd‘oxnmwwunonunnanbncmhpodﬁf
laissé au cholx, lié directement & su moins un groups smino primasire du fragment lymphokine.

2 Lymphokine modifiée selon la revendicstion 1, dans laquelle le fregment lymphokine a une masse

entre 5000 et 50 000.

3.Lymphoﬁmmodlﬂ“odonlomdlaﬁonmewobhwmcmmhoﬂanmmam
moiéoulsire compries entre 10 000 et 30 000.

4. Lymphokine modifide seion la revendication 1, dans laquelle le fragment lymphokine est un
lmmzmmamammmmrem«

L "RA KR

ou une substance similsire en structure et en activité pivysiologique & ces subatances.

&mmmmumumtmnnmmwmm

mmnmm«,nmmnmmn
ﬂn;.l;anvmmmwdmhmmmnammbhhgmmwmm

7. Lymephokine modifide selon la revendication 1, dans ‘:quelle le fragment tymphokine est

Finterféron-y.
&Lvmphoﬁmmdﬂhadmlom«ﬂaﬂont“hqmlbhfngmmmﬂmm
IInterteukine-2.
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9. Lymphokin modifiée selon la revendication 1, dans laquelle e polyéthytdneglycol s une masss
moldculaire correspondant &4 1% & 10% de s masse m léculeire du fragment lymphokine.

10. Lymphokine modifiée selon s revendication 1, dens {aguel! le polyéthyléneglycol & une masse
moléculsire comprise entr 350 ot 6 000,

11. Lymphokine modifide selon la revandication 1, dans laquelile R est un eikyle ou un alcanoyle.

12. Lymphakine modifiée seion la revendication 1, dans lsquells n ast un ender positif compris entre 7
et 120. : .

13. Lymphokine madifide selon la revendication 1, dens laqueile le groupe smino primaire set le
groupe a-amino de ‘extrémité N-tarminale ou le groupe ¢-amino d'un rests lysine dans le fragment
lymphokine.

14. Lymphokine modifide seion la revendication 1, qui 8 du polyéthyldnegiveol Ild & 15% A B0% dae
$7UPSS #-amino Gu reste ivsine dans le fragment lymphokine.

o 18. Procédé de préparation d'une lymphokine chimiquement modifiés ayant du polyéthyidnegiycol de
mule:

A-+-0—~CH,CHry

dans laqueile R est un groupe protecteur de I'stome d'oxygéne tarminal et n est un nombre entier positif
lalseé au choix, 14 directamaent & au moins un groupe amino primalre du fragment tymphokine, qui
comprend la réection d‘uns lymphokine svee un sidéhyde de formule: :

Ret-0—CHCHyleeyO—CH,CHO

dans laquelie R et n sont tels que définis cl-dessus, en préﬁmd’unlgm réductsur.
18. Procédé ssion is revendication 15, dans lequel la réection est réalisde su voisinage de Is neutrelitd.
17. Procédé ssion la revendication 16, dans lequel F'agent réducteur et du cysnoborohydrure de
sodlum, . :

18

- vV



@

V- eI I WEW LLIDZ FAL Qos9

EP 0154316 Bt

Fig. 1

o

IFN~a in plasma(international unita/ml)

-2

<%0




@iy

e s

Ry

av wwe 3

EP 0184316 Bt

0
102
10

(Iw/s3yun’ (ruorIvuUISIUY) vaswld Ut  O-RaT

l.
Py DT
~

2

Hours



LV LY 3
L

"LV L1904 A

EP 0 134 316 B1
rig. 3
clat
wet 4
clat Petl
Pl
I Avel, Pyt
s @
“eeeA o ______#ul
| it ot caTaims Tozead
TATTAC ACSSTCCTS

Te ONA Ngese

Clal Pert

Te DMNA llgaze

gorl



AN

w :}\—-'“"

EP 0 134 316 B1

Fig. ¢

Amg!

{ pRC23/1F1-000 e—————

Nesl

l Ceofl, 8¢i X tuut , Neol
Néol
sdoprer
4 £ 6
Yet 6 Ass Mo
(e e e p—
AATTCATECAGEATECA
STACETCCTAGGCAY Nasl
‘ T4 ligese

Wyl




	2003-05-05 Foreign Reference

